Background. The significance of the Hyperdense Middle Cerebral Artery Sign (HMCAS) is uncertain. Aims. This prospective study investigated the sensitivity, specificity, prevalence, prognosis, interobserver variability, and associated clinical features of HMCAS in acute ischemic stroke. Methods. Initial CT scans of 117 patients with acute ischemic stroke or transient ischemic attack (TIA) and 65 age-matched controls were reported independently by two neuroradiologists blinded to diagnosis. Details of initial stroke severity and comorbidities were collected, and outcome on the modified Rankin scale (mRS) was assessed at 3-6 months. Results. HMCAS was seen in 15% of all ischemic strokes and 25% of all middle cerebral artery (MCA) strokes; specificity was 100%. HMCAS was associated with more severe initial deficit and atrial fibrillation. Only 21% of patients with a first-ever MCA stroke and HMCAS had a good outcome (mRS ≤ 2) compared to 55% of those without the sign ( < 0.001). Interobserver agreement was only 0.747 (Kappa statistic). Conclusion. The prevalence, specificity, sensitivity, and clinical associations of HMCAS were similar to previous reports. This study confirmed prospectively that HMCAS was associated with a poorer outcome at 3 to 6 months and demonstrated interobserver variability in detection of the sign.
Introduction
The Hyperdense Middle Cerebral Artery Sign (HMCAS) was first described about thirty years ago as a high-density structure within the territory of the middle cerebral artery (MCA) on nonenhanced Computed Tomography (NECT) scans of patients with acute ischemic stroke [1] .
A number of investigators have calculated the sensitivity and specificity of the HMCAS, as well as the relationship between the presence of the sign and initial stroke severity [2] [3] [4] [5] [6] . Collectively, the published data suggest the sign is highly specific and associated with a more severe initial deficit [7] [8] [9] . Associations between the HMCAS and risk factors for ischemic heart disease, hypercoagulopathy, and atrial fibrillation (AF) have also been described [10, 11] . Research has focused predominantly on the prognostic implications in patients who demonstrate an HMCAS on early NECT scans [12] [13] [14] [15] [16] . The consensus is that the presence of an HMCAS is associated with a poorer outcome. However, the majority of studies looking at this have been retrospective. There are no published studies that have looked prospectively at the natural history of patients with an HMCAS, that is, without thrombolysis, beyond twenty-one days.
Recent studies have evaluated the outcome of thrombolytic therapy in the subgroup of patients with the HMCAS, and the sign is becoming increasingly important as a clinical marker in the initial management of acute ischemic stroke [17] [18] [19] [20] [21] [22] [23] . This initial management is time-critical, but it is entirely dependent on accurate detection of the sign. It is therefore important to determine the accuracy (i.e., interobserver variability) with which the sign can be detected in the setting of standard clinical practice.
This study was set up with three aims. First, we aimed to evaluate the prognostic significance of the HMCAS prospectively at 3 to 6 months following stroke onset. Second, we aimed to assess inter-observer variability in the detection of 2 ISRN Stroke the sign, and, third, we aimed to reassess any associations between the presence of the sign and other clinical features in patients presenting with acute ischemic stroke.
Materials and Methods

Study Group.
Patients presenting to the Canberra Hospital with acute ischemic stroke or transient ischemic attack (TIA) were recruited prospectively between August 2009, and December 2010. Patients all underwent NECT scanning within 12 hours of arrival. A control group was recruited within the same time frame as the active group and comprised patients admitted to Canberra Hospital for reasons other than stroke or TIA but still requiring NECT scans of the brain.
Patients were excluded from the study if (1) the NECT scan was performed more than 12 hours after the onset of symptoms, (2) the NECT scan was of poor quality due to radiographic artifact (as determined by the reporting neuroradiologists), (3) the patient had significant preexisting intracranial pathology (e.g., tumour or AV malformation), (4) the patient had undergone previous neurosurgery, or (5) the patient was less than 50 years old.
All subjects gave informed consent. The ACT Health Human Research Ethics committee approved this study in May 2009 (ETH. 11.08.1021).
Clinical Data.
Demographic, comorbid, and laboratory data were collected for all stroke and TIA patients from the Canberra Hospital's computerised database. Information collected included a prior history of stroke, transient ischaemic attack (TIA), atrial fibrillation (AF), congestive cardiac failure (CCF), ischemic heart disease (IHD), hypertension, hypercholesterolemia, diabetes, and/or smoking. Laboratory parameters recorded included haematocrit, haemoglobin, the international normalized ratio (INR), and the results of carotid Doppler.
The Scandinavian Stroke Scale (SSS) was used to evaluate initial stroke severity within the emergency department as this was the standard clinical scale used at the Canberra Hospital at the time [24] . The type of stroke was assessed and recorded according to the Oxfordshire Community Stroke Project (OCSP) classification system [25] .
A structured telephone interview was used to evaluate patient disability between 3 and 6 months after symptom onset using the modified Rankin scale (mRS) [26] .
CT Data.
All NECT scans were performed with multislice spiral CT (Toshiba Aquilion 16 slice) with 1 mm contiguous axial slices from the occipital foramen to the skull vault with 1 mm reconstructions.
NECT scans of patients were deidentified and presented independently to two neuroradiologists who were blinded to the diagnosis. The neuroradiologists were asked to report on the presence or absence of ischemic stroke and to indicate whether or not there was an HMCAS using a standardised template designed specifically for this study. An HMCAS was reported as present if the MCA on that side was deemed to be of sufficiently high attenuation relative to (a) the contralateral side, (b) the surrounding parenchyma and (c) the basilar artery. If present, early parenchymal changes associated with cerebral infarction provided supportive information. The neuroradiologists were also asked to comment on whether the scan was inadequate for technical reasons.
Data Analysis.
Inter-observer agreement between the two neuroradiologists was assessed using the Kappa statistic. For the purposes of further analysis an HMCAS was only considered to be present if both radiologists agreed.
Three analyses were performed in order to address the various aims of this study. Analysis 1. This examined all strokes and TIA patients to determine the prevalence, sensitivity, and specificity of the HMCAS as well as to investigate the presence of any comorbid associations with the sign. For this analysis, sensitivity was defined as the percentage of all strokes with an HMCAS (and, in this case, was therefore the same as prevalence), and specificity reflected the detection of an HMCAS in the control group.
Analysis 2. This analysis was restricted to those patients who were experiencing their first-ever stroke in order to evaluate the relationships between the HMCAS and initial severity and outcome at 3 to 6 months. Analysis 3. This looked only at patients who had suffered a first-ever ischemic stroke in the MCA territory to allow comparison between patients with and without the HMCAS.
-tests, cross-tabulation, linear regression analysis, and Fisher's exact test were used to evaluate associations between comorbid clinical features, SSS, and mRS and the HMCAS. Associations were considered to be significant if < 0.05.
Results
Baseline Data.
In total, 117 patients with stroke or TIA (60 male, 57 female) and 65 control patients (28 male, 37 female) were recruited. The mean age of all stroke and TIA patients was 72 ± 2.6 years compared to 69 ± 3.1 years in the control group (nonsignificant) ( Table 1) .
Of the 117 patients, 17 had TIAs, 61 had MCA territory infarcts, 20 had posterior (i.e., vertebrobasilar territory) circulation infarcts, 6 had infarcts in the anterior cerebral artery territory, 7 had posterior cerebral artery territory events, and 6 had lacunar strokes.
The mean time between stroke or TIA onset and imaging was 4.6 ± 0.7 hours. There was no significant difference in mean time from symptom onset to imaging across all groups of patients (Table 1) .
Comparison between the two neuroradiologists yielded a Kappa statistic of 0.747 ± 0.198.
Three patients within the stroke group were thrombolysed; all three had MCA strokes, one with an HMCAS and the other two without. Inclusion or exclusion of these patients did not alter the results significantly, so thrombolysed patients were included in subsequent analyses. Analysis 1. In total, 15 patients were found to have an HMCAS on their emergency NECT. All of them suffered a stroke affecting the middle cerebral artery territory. The prevalence of the HMCAS within the ischemic stroke population ( = 100, see Table 1 ) was therefore 15%. No controls were reported to have an HMCAS; that is, the sign had a sensitivity of 15% and a specificity of 100%. Comorbid and laboratory data were then analysed as a function of HMCAS. In all, 15 patients were HMCAS +ve, as above, and the remaining 102 patients (comprising 46 HMCAS −ve MCA strokes, 39 other strokes, and 17 TIAs) were HMCAS −ve. The only significant association that correlated positively with the presence of an HMCAS after performing linear regression analysis and applying Fisher's exact test was atrial fibrillation ( Table 2) . Analysis 2. After excluding 24 patients with previous stroke from the total of 100 patients with stroke (Table 1) , a total of 14 patients were HMCAS +ve, and the remainder ( = 62) were HMCAS −ve. The initial stroke severity as determined by the SSS was significantly greater in patients with the HMCAS than in those without it ( = 0.002) (Table 3) .
Similarly, the level of disability as assessed by mRS at 3 to 6 months in patients suffering their first-ever stroke was significantly greater in patients with the HMCAS than in those without it ( < 0.001) ( Table 3) . Analysis 3. The prevalence of the HMCAS within patients suffering from an infarct in the MCA territory ( = 61) was 25%. 53% of patients with an HMCAS and a first-ever MCA territory infarct had a diagnosis of AF, compared to only 19% in those without an HMCAS ( = 0.042). It is worth noting that over 70% of patients who had a history of AF had a subtherapeutic INR (less than 2) ( Table 2) .
Patients with an HMCAS had significantly more severe initial strokes and poorer outcomes at 3 to 6 months (Table 3) . Specifically, at 3-6 months only 3 (21%) of all patients presenting with an HMCAS on NECT had an mRS ≤ 2 compared to 17 (55%) in all first-ever MCA territory strokes ( = 0.05) (Figure 1 ).
Discussion
The results of this prospective observational study have shown that patients presenting with an HMCAS on their emergency NECT brain scan are highly likely to be suffering from ischemic stroke affecting the middle cerebral artery territory. These patients are more likely to exhibit more severe initial clinical deficit, to have atrial fibrillation, and to be severely disabled or dead within 3 to 6 months following their stroke than stroke patients without the sign. There were no significant differences between groups in terms of baseline demographic data or the time between symptom onset and NECT scan. Agreement between radiologists on the presence of an HMCAS was good but not excellent, according to the Kappa statistic [27] . This level of discrepancy between specialist radiologists has been reported previously and is not that surprising given the subjective nature of reporting [28] [29] [30] . The possibility of disagreement raises concern in relation to the possible role of the sign in making time-critical clinical judgments such as whether or not to thrombolyse a patient, particularly because the scans 4 ISRN Stroke [24] . Range from 2 in a maximally-impaired patient to 58 in a normal person. ‖ mRS: modified Rankin score. 0-2 (no-mild disability), 3-4 (significant disability), and 5-6 (high level disability or death). Dichotomized mRS ≤ 2 as favourable and mRS ≥ 2 as poor outcome. will be read by doctors with considerably less experience than the neuroradiologists who reported the scans in the present study.
We found no false positives in this study. A small number have been described in the literature and it has been suggested that these may relate to inter-observer variability or, alternatively, to an elevated hematocrit and/or conditions that promote vascular calcification [31] .
After excluding all the patients who had previously suffered a stroke, those with an HMCAS had a more severe initial deficit. Restricting the analysis to new strokes within the MCA territory alone did not alter this trend. Our results also clearly demonstrate that patients with an HMCAS have a poorer outcome between 3 and 6 months after stroke as assessed by the mRS.
Atrial fibrillation is known to be associated with more severe ischemic stroke [32, 33] . In this study, AF was significantly more common in patients with an HMCAS on NECT. This has been reported previously and is consistent with the fact that the red blood cell content of the thrombus is likely to be higher in clot associated with atrial fibrillation [34] .
The role of the HMCAS in contributing to the decision of whether or not to thrombolyse a patient with an acute ischemic stroke has been the subject of a number of studies, but the results remain inconclusive [35] [36] [37] . Some authors have suggested a need for more effective, novel, and potentially aggressive revascularization techniques in these patients [38, 39] . Either way, it is important that the sign should be detected accurately at the time of diagnosis, and our finding of less than 100% agreement between experts casts doubt on the ability of nonexperts to detect the presence or absence of the sign accurately. Some work has been done on this previously, suggesting that HMCAS sensitivity could be enhanced by changing the parameters of the CT scanning [40] [41] [42] . However, this is unlikely to become standard practice when scanning patients in emergency departments, and further work in this area is clearly necessary.
This study has a number of limitations. First, the numbers are small and, while the subjects were recruited prospectively, much of the data relating to clinical associations was assessed retrospectively from patient charts. It is also worth noting that lacunar strokes are difficult to diagnose clinically, but were included as per the OCSP classification system definition. Second, stroke severity was assessed using the Scandinavian Stroke Scale rather than the more commonly-used NIH stroke scale. This was due to the fact that the SSS was the standard clinical tool used in the department at the time of the study. While acknowledging all these possible limitations, we do not believe they would have a significant impact on the conclusions.
In conclusion, this study had three aims. First, we have demonstrated prospectively that the untreated outcome at 3 to 6 months is significantly worse in patients with the HMCAS than those without it. Second, we have demonstrated that the level of agreement between expert neuroradiologists when looking at standard clinical scans is only 0.747. Third, we have confirmed an association between the presence of the sign with both atrial fibrillation and a more severe stroke. Because it has been suggested that the sign may be useful in determining the role of thrombolysis in the acute setting, more work is needed, particularly with a view to investigating the reliability of detection of the sign and so reducing the possibility of inter-observer variability.
